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@ Unsaturated urea poiyslloxanes. 

® New styrer^ 

SHiKfiW or heat curable biocompatible jnd oxygen permeable coatings, films or 
shaped articles, especially in form of oxygen permeable contact lenses. 
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Di- or poly-vinyl functional polymeric compounds, of about 400 to about 10,000 MW, hereinafter called mac- 
romers, are known for a long time and are widely used to make UV-curable coatings, ffims or crosslinked 
polymeric articles. Typically these compounds are prepared from low molecular weight polyester- or poiyether 
diols by esterffication with acrylic or rnethacryiicacid, ormaleic anhydride; alternatively, they can be more easily 
5 prepared by first reacting those polyester- or poiyether diols with 2 equivalents of a diisocyanate followed by 
endcapping with, for instance, 2-hydroxyethyf-metha cry late; such poly-urethane-macromers are described, for 
Instance in US-A-3,509,234 and US-A-4, 192,827. 

An even simpler route to essentially similar urethane-macromers is via the reaction of poly-ester- or poiy- 
ether diols with isocyanate-substituted vinyl monomers, typically a methacryiate such as 2-isocyanatoethyI 
10 methacryiate (!EM); relevant patents describing such macromers are US-A-4,233,425 and US-A-4,320,221. 

The macromer approach has also been applied to polysiloxane (PDMS) dialkanois and PDMS-dialkanol-bis 
rnethacryiates are even commercially available. Both urethane based macromer types have also been des- 
cribed, for instance in US-A-4, 136.250, US-A-4,1 30,708 and US-A-4,486,577. 

In aO instances the linking group between the PDMS-chain and the easily polymerizable vinyl group con- 
15 tarns an ester linkage, contributed either by the hydroxyalkyl- or aminoalkyl methacryiate used in the capping 
reaction, or by 2-lsocyanatoethyl methacryiate. However, this ester linkage constitutes a weakness, if great 
hydrophflic stability is a requirement, as for example in a PDMS-containing hydrogei. 

US-A4,837,289 discloses PDMS-tetraalkanois capped with n>isopropenyi-c^a-dirnethy^berizyiisocyan- 
ate (TMI), thus providing an ester free linkage group. TMI is a commercially available compound (American 
20 Cyanamid) and has been used in a variety of applications, for instance: in the preparation of vinyi-diois (Poiym. 
Mater. Sci. Eng., 57, 565 (1987); in the preparation of macromer for adhesives, by reaction with pdyols, for 
instances pdy-tetramethyiene ether glycol (FR-A1-2,579,61 1 ); in high-solids coatings after reaction of a 
poryester pofyoi, as described in US-A-4, 609,706; the reaction of TMI with amines is also disclosed in Poiym. 
Mater. Sci. Eng., 53; 534 (1985). 
25 No reaction products of aminoalkyt-substituted pdysfloxanes and rn-isopropenyi^a-dimethyi benzyl iso- 

cyanate have been described, although the reaction of products of aminoaDcyl-substituted PDMS and 2-iso- 
cyanatoethyi methacryiate are described in US-A-4, 563,539 and US-A-4,605,712. 

tt has now been discovered that by reaction of poly-(aminoalkyi)-polysfloxane with m-isopropenyi-o^a- 
dimethyibenzyi isocyanate, or any similar styrenic iso cyan ate, a PDMS-macromer can readBy be prepared, 
so which results in superior properties when incorporated into rigid, oxygen permeable polymers of into hydrogeis. 

It is an object of this invention to provide an easily polymerizable, hydrolyticaHy stable and rigidity imparting 
urea-porysloxane macromer. 

It is a further object of this invention to make improved rigid, oxygen permeable contact lenses and oxygen 
permeable hydrogeis by copolymerization of said urea-poJysfloxane macromer with vinyl monomers. 
35 The novel polysfloxane-urea styrenic macromers are of the general structures A1 or A2: 
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wherein, independently of each other, 

R 1 is methyl, phenyl or 3,3,3-trifiuoropropyl, 

R2 is a divalent saturated linear or branched hydrocarbon radical having 1 to 6 carbon atoms, 
R3 is a direct bond or has the same definition as R 2 , 
R5 is hydrogen or methyl, 

Re is the divalent residue of an aliphatic cycloaliphatic or aromatic diisocyanate of structure 

OCN-Re-NCO, 

n1 and n2 are integers from 2 to 250. preferably 10 to 50. more preferred 10 to 20, with the proviso that the 
sum n1 + n2 is not greater than 250, 

ml and m2 are integers from 2 to 200, preferably 5 to 1 00. with the proviso that the sum ml + m2 is not greater 
than 250, 
y is 0 to 2, 

p has a value of 1 to 10, preferably 1 to 3, 
X is hydrogen or has the structure E: 
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— R 4 — NHCONH — R 3 
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wherein R* is a divalent saturated linear or branched hydrocarbon radical havin 1 to 6 carbon atoms. 

Preferably, a divalent saturated linear or branched hydrocarbon radical of from 1-6 carbon atoms is CrA 
alkylene, such as methylene, ethylene, propylene, or butylene, e.g. 1 ,3-propylene or Z2-propylene. 

The divalent residue of an aliphatic, cycloaliphatic or aromatic diisocyanate preferably is an aliphatic or 
aromatic divalent residue with 6 to 12 carbon atoms. Preferably these residues are divalent phenylene-CrCV 
alkyiene residues unsubstituted or substituted by C-Grdkyl. phenylene unsubstituted or substituted by C r 
CValkyl or Ci-Cr-eltyene unsubstituted or substituted by CrGrdkyL 

Preferred are macromers of structure A1 , in which 
R 1 is methyl, 
R 2 is trimethylene, 

R3fe-C(CH3)r 
R 5 is methyl, 
y is zero, and 
n1 is 5 to 100. 

Also preferred are macromers of structure A1, in which most or all of 
Ri are methyl, 
R 2 is trimethylene, 
RSis^KCHOz- 
R 5 is methyl, 
yisl. 

n1 +n2is 10to20, 

and R« is an aliphatic or aromatic divalent residue with 6 to 12 carbon atoms. 

Also preferred are macromers of structure A2, wherein most or all of 
R 1 are methyl, 
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R 2 is trimethyiene, 

R 6 is methyl, 
X is of structure E, 
s R 4 is ethylene, 

ml and m2 are 5 to 100, with the sum ml + m2 not greater than 150, 
and p is 1 to 3. 

Also preferred are macromere wherein R 3 is a direct bond and R 5 is hydrogen with the -CR^CHa group 
being in the para position relevant to R 3 ; or wherein R 3 is -C(CH 3 )2- and R 5 is methyl with the -CR^CH^ group 
10 being in the meta position relevant to R 3 . 

Most preferred are macromers of structure A1 , wherein R 1 , R 2 , R 3 and R 5 are as defined as for the preferred 
A1 macromer, and n1 is 10 to 50. 

The macromers of the present invention are made by mixing together an aminoafkyi-functional polysfloxane 
of either structure 

15 

R 1 R 1 R 1 
I r I -1 I 

a H 2 N R 2 — SiOH—SiOj — Si — R 2 — NH 2 (CI) 

R 1 R 1 R 1 

Or 




preferably in equivalent amounts, but less or more of the equivalent amount of the styrene-isocyanate may also 
46 be used. The reaction proceeds smoothly, with or without catalyst, and is complete when no NCO-groups are 
detectable by IR-anaiysis. 

Aminoalkyl substituted polysfloxanes are well known and many are commercially available, both, of struc- 
tures C1 and CZ Exemplary polysiloxanes of structure C1 are those wherein R 2 is trimethyiene and which have 
molecular weights of 400 to 8000. Exemplary pdysDoxanes of structures C2 are those wherein R 2 is 
so trimethyiene, Y is -CH 2 CHz-NH 2 and which have molecular weights of 400 to 8000. 

Exemplary styrenic isocyanates are p-isocyanatostyrene and m-isopropenyt-a,a-dimethyl-benzyi isocyan- 
ate(TMI). 

Diisocyanates useful to form chain extended prepoiymer intermediates are aliphatic, cydoaliphatic or 
aromatic disocyanates selected from the group consisting of ethylene diisocyanate, 1 ^-diisocyanatopropane, 
55 1 ,3^iisocyanatopropane, 1 ,6-dtisocy anatohexan e, 1 ,2-dfisocyanatocyciohexane, 1 ,3-diisocyanatocyciohexa- 
ne, 1,4-dirsocyanatobenzene; bis-(4-isocyanatophenyi)methane, 1,2- and 1,4-toluene diisocyanate; 3,3'-di- 
chtoro- 4,4'-diisocyanatobiphenyl; 1,5-diisocyanatonaphtha1ene, hydrogenated toluene dnsocyanate; 
1-isc<^natomemyl-5-isc<^nato-1,3,3-m'memylcydohexane (= isophorone diisocyanate); 1 ,6-dBsocyanato- 
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92 4-{2 4,4)-trimethylhexane, ^'-diisocyanatodiethyl fumarate; 1>dlisocyanat^1^box^entane; X2-, 
1 3^ 1 6- 1 7- 1 8- 2,7- and 2,3-diisocyanatonaphthalene; 2,4- and 2.7-diisocyanato-1 methylnaphthalene; 
l^ifeociyanato^thylcydohexane; 1.3- dilsocyanatCH6(7).methylnaphthaJene; 4,4^flsoc^natobiphenyl; 
4>-diiso^nato-3,3^1rnethoxy-biphenyl; 3,3'- and 4,4^iisocyanatc>-2,2^irnethyl-biphenyl; bis-(4-isocya- 
natophenyi)ethane; bis(4-isocyanato-phenyl) ether. 

The most preferred diisocyanates are isophorone diisocyanate, 2 ? 2 > 4-(2,4,4)-tnmethylhexane-i,6. 

dilsocyanate and 1 ,2- or 1 ,4-toluene diisocyanate. 

The diisocyanates can be used in molar ratios of amino functional polysiloxanerdiisocyanate of 100.1 to 

4*3 

" 'The reaction can be carried out in bulk or in a suitable aprotic solvent, such as a ketone, ester, amide, or 
ether, typical solvents are methyl ethyl ketone, methyl propyl ketone, isopropyl acetate, N.N-dimethyl-for- 
mamide, dipropylene glycol dimethyl ether, and dimethyl sulfoxide. . , 

Instead of the aforementioned aprotic, nonreactive solvents, aproticvinyl monomers can also be used as 
solvents if the final desired polymer is a copolymer of A1 or A2 and a vinyl monomer. If chain extended polys|- 
foxaSa™^ 

^The styrenic unsaturated polysBoxanes can be used by themselves to produce by radiation- or heat-ini- 
tiated polymerization coatingsand films. Preferably though the unsaturated polysHoxanes of the present ,nyen- 
Son are red in combination with other vinyl monomers to make crcsslinked polysfloxane-polyv,nyl-block 
2o coDoivmers. Such copolymers are also an object of this invention. 

Threat variety ofmonomeric reactants makes it possible to prepare either hard, high* crosslmked 
copolymers with suitable acrylic, methacrylicorothervinyl monomers, orto prepare soft, n.bber-l.ke copolymers 

^I? ^Soi^prepare by copolymerization with hydrophilic monomers polysDoxane^ydregels with 

poly-ethylenically unsaturated monomers which undergo polymerization upon exposure to UV-rad.at.on or by 

^TtteSy^aturated polysHoxanes are to be used in biocompatible materials, especially in either hard or 
30 soft«ntecTEes^ 

as water-insoluble comonomers can be used. 

The water-insoluble vinyl monomers (B,) useful in the present invention comprise: 
Acryiates and methacryiates of the general structure: 

35 r7 

H 2 G=C — CXX)R 8 
40 aoylamidesandmethacrylamidesofstnicture: 

R 7 

I ' 
H 2 C==C — CONH-R 8 
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maleates, fiimarates and itaconates of structures: 

H 2 G=C — COOR 8 
R 8 OOC-HC=CH-COOR« or ^-CDOR* 

vinyl esters: R»-COO-CH=CH 2 and 

vinyl ethers: CH 2 =CH — O R 8 , 
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wherein R 7 is hydrogen or methyl, and R 8 is a linear or branched aliphatic, cycloaiiphatic or aromatic group 
with from 1 to 21 carbon atoms, e.g. an alkyi, cycloaJkyl or phenyl group, and which may contain ether or 
thioether linkages or a -CO group; R 8 may also be a heterocyclic group containing oxygen, sulfur or nitrogen 
atoms, or a polypropylene oxide or poly-n-butyiene oxide group with from 2 to 50 repeating sJkoxy units. 
5 In addition, the R 8 group may contain halogen atoms, especially fluorine in form of pefluorinated alkyl 

groups with from 1 to 12 carbon atoms; or it may be or contain a siloxane group with from one to six Si atoms; 
and may contain -SO and -S0 2 groups. When R 8 is part of a fumarate, maleate or itaconate, one of R 8 may 
be hydrogen. 

Included among the useful monomers are: methyl-; ethyl-; propyl-; isopropy!-; butyl-; isobutyl-; tert-butyl-; 

10 ethoxyethyi-; methoxyethyi-; benzyl-; 4-tert-butyiphenyl-; cyciohexyi-; trimethyicyclohexyl-; isobomyl-; dicyc- 
lopentadienyl-; norborrrylmethyl-; cyclododecyl-; 1, 1 ,3,3-tetramethylbutyl-; n-butyl-; n-octyl-; 2-ethyIhexyl-; de- 
cyf-; dodecyt-; tridecyl-; octadecyl-; giycidyi-; ethylthioethyl-; furfuryl-; 2-ethoxyethyl, 2-methoxyethyt, 
2-butaxy ethyl, 2-(2-ethoxyethoxy)ethyl-; hexafluoroisopropyl-; 1, 1 ,2,2-tetrahydroperfluorododecy}-; trv, tetra- 
or penta-eioxanyl siyi propyiacrylates and methacrylates, especially tris(trimethyisiloxy) siiyl-propyl methac- 

15 ryiate, as well as the corresponding amides; N-(1 ,1 -dimethyl-3-oxobutyl>-acryiamide; mono- and dimethyl fuma- 
rate, maleate and itaconate; diethyl fumarate; isopropyi and diisopropyi fumarate and itaconate; mono- and 
diphenyi and methyi-phenyl fumarate and itaconate; methyl vinyl ether and methoxyethyi vinyl ether; vinyl ace- 
tate, vinyl propionate, vinyl benzoate, acrylonitrile, styrene, alpha-methyl styrene and terL-butyistyrene. 

Water-soluble monomers (BJ which are aiso useful comonomers in the present invention comprise aery- 

2D lates and methacrylates of the general structure: 

R 7 
I 

x H 2 C=C— COOR 9 

Aery) am ides and methacryiamides of structure 



R 7 

! 

H 2 C==C— CON(R 10 ) 2 
as MaJeates and fumarates; or rtaconates of structures: 



H 2 G=C— COOR 9 
40 R 9 OOC — HC=CH — COOR 9 or I and 

CH 2 — COOR 9 

vinyl ethers of structure: CH 2 =CH — O — R 9 , 

45 

wherein R 9 is a hydrocarbon residue of 1 to 10 carbon atoms substituted by one or more water solubilizing 
groups such as carboxy, hydroxy or tert-amino, or a polyethylene oxide group with from 2-1 00 repeating units, 
or a group which contains sulfate, phosphate, sulfonate or phosphonate groups; R 7 is hydrogen or methyl and 
wherein R 10 is independently hydrogen or an alkyi group with 1 to 4 carbon atoms; Ifcewise useful as comonom- 

50 era are also N-vinyWactams, like N-vinyl-2-pyrrolidone. 

Included among the useful water soluble monomers are: 2-hydroxyethyi-; 2- and 3-hydroxypropyi-, 2,3- 
dihydroxypropyi-; poty-ethoxyethyi-; and polyethoxypropylacrylates and methacrylates as well as the corre- , 
sponding acryiamides and methacryiamides. Sucrose-, man nose-, glucose-, sorbitol acryiates and 
methacrylates; and di-{2-hyd roxyethyl) maleate; acryiamide and methacryi amide, N-methyiacrylamide and 

55 rnethacryi-amide, bisacetone-acryl amide; N-(2-hydroxyethyl)acrylam!de; N,N-dimethyl-acryiamide and - 
methacrylamide; methylol acryiamide and -methacrylamide; r4-vinylforrnamide and N-vinyiacetamide; N,N-di- 
methyJ- and N,N-diethyl-aminoethyt acryiate and methacryi ate as well as the corresponding acryiamides and 
methacryiamides, N-terL-butyiaminoethyi methacryiate and methacrylamide; 2- and 4-vinyl pyridine; 4- and 2- 
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methyl-5-vinylpyridine; N-methyW-vinyl piperidine; 1-vinyl- and 2-methyl- 1-vinylimidazole; para- and 
orthoaminostyrene; dimethylaminoethyl vinyl ether, N-vinylpyfrolidone; 2-pyrrolidmoethyl methacrylate; acrylic 
andmethacrylic acid; itaconic, cinnamic-, crotonic-, fumaric-, and maleic acids and lower hydroxyaJkyl mono- 
and diesters thereof, such as 2-hydroxyethyl- and di(2-hydraxy)ethyl fumarate, maleate and .taconate and 3- 
hydroxypropyl butyl fumarate, and di-(polyalkoxy)alkyl-fumarates, maleates and Neonates; male.c-anhydnde; 
sodium acrylate and methacrylate, 2-methacryloyloxyethylsulfonic acid, 2- acrylamido-2-methyl-propanesul- 
fonic acid. 2-phosphatoethyl methacrylate. vinylsuHbnic acid, sodium vinylsulfonate, p-styrenesuffonic aod. 
sodium p-styrenesulfonate, and allyisulfonic acid. .... 

Also included are the quaternized derivatives of cationic monomers obtained by quatemEabon with selec- 
ted alkylating agents like halogenated hydrocarbons such as methyl iodide, benzyl chloride or hexadecyl 
chloride; epoxides like glycidol, epichlorohydrin, ethylene oxide; dimethyl sulfate; methyl sulfate; propane sul- 

tone preferTed monomers for making hard polymers are, in amount of 10 to 90% (w/w): methyl methacrylate. 
cyclohexyl methacrylate, trimethylcyclohexyl methacrylate, isobomyl methacrylate, isopropyl methacrylate, 
isobutyl methacrylate, tert-butyl methacrylate; trifiuoroethyl methacrylate. hexafluorisopropyl •nettiacrylate , or 
1,1-dihydroheptafluorobutyl methacrylate; styrene. tert-butylstyrene, or mixtures thereof, and tns-(tnmetnyl- 

siloxy)silylpropyl methacrylate. . . . „ 

For soft polymers the preferred monomers are: methyl acrylate; 2-ethylhexyl actylate. n-butyl acrylate, n- 
butyl methacrylate, n-octyl acrylate, 2-ethoxyethyl acrylate, 2-methoxy-ethyl acrylate and methacrylate, tns- 
(trimethylsnoxy)silylpiopyl methacrylate and R f alkylene acrylate and methacrylate. where .R, is a perfiuoroalkyl 
group with 1 to 20 carbon atoms and alkylene is C^-alkylene. Preferred comonomers for making hydrogels 
are: 2-hydroxyethyl methacrylate; 2-hydroxyethyl acrylate; N.N-dimethylacrylamide; acryl.c and methacryle 
acid, N-vinyl-2-pyrrolidone or mixtures thereof. ,^^ A 
A wide range of polyvinyl compounds (B3) can be used in addition to the monovmyl compounds. Indeed, 
from 0 to 50% by weight of the total monomer can be e.g. a di- or triolefinic monomer, for example: 

Ally! acrylate and methacrylate, ethylene glycol-, diethylene glycol-, triethylene glycol-, tetraethylene gly- 
col- and generally polyethylene oxide glycol diacrylatesand dimethacrylates; 1.4-butaned.ol and poly-ri-buty- 
lene oxide glycol diacrylates and dimethacrylates; propylene glycol and polypropylene oxide glycol ******* 
and dimethacrylates; thiodiethyiene glycol diacrylate and dimethacrylate; neopentylene glycol diacrylate and 
dimethacrylate; trimethylolpropane tri- and tetraacrylate; pentaerythritol tri- and tetraac^ate; dmn^beruene; 
divinyl ether, drvinyl sullbne; 1.3-bis (3-methacryloxy propyl) tetramethyl disa ^ n f>J'^ b,s ^ e *. ac, y' 05 ^" 
ropy.) tetra (trimethylsiloxy) drsiloxane and the corresponding achates; bisphenol A diacrylate or dimethacry- 
late- methylene bisacrylamide or methacrylamide. dimethylene bisacrylamide or mettacrytem.de; 
N N'-dihydroxyethylene bisacrylamide or methacrylamide; hexamethyiene bisacrylamide or meihacnrfam.de; 
decametnylene bisacrylamide or methacrylamide; aliyl- and diallyl maleate, triallyi melamine diallyl .taconate, 
diallyl phthalate, triallyi phosphite, polyallyl sucrose. sucrose diacrylate. 9' u ^ dtae *^^^l " nS ^ 
rated polyesters, such as poly-(alkylene-glycol maleates) and poly(alkylene-glycol fumarates). like 
poly(propylene glycol maleate) and poly(polyalkyleneoxide glycol maleate). Mrr ^^ 
Macromeric drvinyl compounds can also be used for copolymerization like polyettylene ox.de *™etix*f 
rytates. polytetraethylene oxide dimethacrylates (US-A4.192.827) or polysiloxane dimethacrylates. (US-A- 

4.605,712) or pefluoroether dimethacrylates. j „ .. . 

The polyvinyl-polysiloxanes of this invention are used either by themselves or together with the mentioned 
comonomers to make oxygen permeable polymers in a last synthesis step by free ^dioal co^er^ahon^ 
either in bulk or in the presence of small amounts of solvents. The polymerization b suitably earned out with 
a free radical generating initiator at a temperature in the range from about 40'C to about 1 05-C. the preferred 
temperature ranges being between about 50-C and about 100-C. These initiators are preferably P^xidesor 
azo catalysts having a half-life at the polymerization temperature of at least 20 minutes. Typical usetul peroxy 
compounds include: Isopropyl percarbonate. tert-butyl peroctoate, benzoyl perox.de, lauryi perox.de^ecanoyl 
peroxide, acetyl peroxide, succinic acid peroxide, methyl ethyl ketone peroxide, tert-butyl pemxyacetate, pelar- 
gonyl 2.5KJrmethyl-2,5-bfe(2^thyl-hexanoylperoxy) hexane, rwdilorobenzoyl peroxide, terL^utylperoxy-buty- 
rate tetbutyl peroxymaleic acid, tert-butylperoxy-lsopropyl carbonate, bis(l-hydroxy-eydohexyl) perox.de; 
azo compounds induding 2,2'-azc-b,sisobutyron^ 
lohexane carbonitrile). 2^'-azc-bis(2.4-dimethyl^- m ethoxy-valeronitole). 

Otherfree radical generating mechanisms can be employed, such as X-rays, electron-beams and UV-radn 
ation Preparation of contact-lens blanks by UV radiation in the presence of a photo-initiator such as d.eth- 
oxyaceto-phenone, 1-hydroxycyclohexyl phenylketone, 2.2-dimethoxy-2-phenylacetophenone, phenothiazme, 
diisopropylxanthogen disulfide, benzoin and benzoin derivatives rs a preferred method. 

The amount of initiator can vary from 0.002% to 1% by weight of the monomer and macromer. but .s pref- 




EP 0 455 585 A1 

erably from 0.03 to 0.3% by weight thereof. 

A preferred laboratory method of preparing the polymer, in the form of a cylinder, comprises the filling of 
flexible polymer tubing with the preferred composition of macromer, monomers, and catalyst and reacting the 
mature for approximately 2 hours at 80°C. The finished article is removed by slitting the tubing longitudinally 

5 and stripping it away from the polymer article. 

Another preferred method for preparing the polymer is by radiation with ultraviolet light in the presence of 
a photo-initiator and using plastic molds which are UV transparent, such as molds made of polypropylene or 
other UV-permeabie plastics, or by making coatings and films by UV-curing. 

The polymerization is preferably carried out in an inert atmosphere if done in open molds. It is known that 

10 oxygen inhibits polymerization and gives rise to extended polymerization times. If closed molds are used to 
form the article, the molds are composed of inert materials having low oxygen permeability and non-stick proper- 
ties. Examples of suitable molding materials are poly(tetrafluoroethylene), such as TEFLON®, silicone rubber, 
polyethylene, polypropylene and polyester, such as MYLAR®. Glass and metallic molds may be used if a suit- 
able mold-releasing agent is employed. 

15 The instant invention also relates to a polymer, suitable as a biocompatible, oxygen permeable polymer, 

especially for use in contact lenses, comprising the crossiinked co polymerization product of 

(A) from about 1 0 to about 1 00% by weight of said polymer of a polysiloxane macromer of formula A1 or 
A2 having a molecular weight from about 400 to about 1 0,000, said macromer containing at least two ter- 
minal polymerizable oiefinic groups, said groups being attached to the polysiloxane through a urea linkage, 

20 and 

(B) from 90% to 0% by weight of said polymer of one or more mono-, di- or trifunctional vinyl monomers 
polymerizable by free radical polymerization. 

More particularly, the instant invention relates to a polymer, suitable for use in contact lenses, comprising 
the crossiinked co polymerization product of 
25 (A) from about 15 to about 90% by weight of said polymer of a polysiloxane macromer having a molecular 
weight from about 800 to about 10,000, said macromer containing two terminal, polymerizable oiefinic 
groups, said macromer having the structure of formula A1 or A2 and 

(B) from about 85 to about 10 % by weight of said polymer of water-soluble or water-insoluble monomers 
or mixtures thereof, said monomers being monoolefinic, dioiefinic or a mixture of monooiefinic and diolefinic 
30 monomers. 

The polymers of this invention can be tailored, so as to be useful either as hard contact lens material or as 
soft contact lens material. Different co monomers and different levels of polysiloxane macromer are required to 
get optimal performance in either contact lens type. 

In choosing the poiysioxane component and the vinyl monomer for a hard contact lens composition, it is 

35 important to arrive at a mixture which will give clear polymers with sufficient dimensional stability and oxygen 
perrneabifty. Sometimes a mixture of comonomers is advantageous in avoiding phase-separation and thereby 
opacity. Also, it is easier to obtain clear products with polysfloxanes of relatively low molecular weight than with 
high molecular weight poiysiloxanes. Polysfloxanes with a short chain length between crosslinks also give har- 
der, more dimensionally stable polymers; however, their oxygen permeability is reduced compared to polysi- 

40 loxanes with longer chain length and therefore lower crosslink density. By a judicious choice of monomers) 
and poiysioxane macromer, one is thus able to tailor to a considerable degree the physical properties and 
oxygen permeability of the instant silicone polymers, from hard and rigid to rubbery and soft in addition to hard 
and soft contact lenses, because of their good tissue compatibility and oxygen permeability and strength and 
elasticity, the polymers of the present invention are also particularly suitable for use as intramuscular and sub- 

45 cutaneous implants in warm-blooded animals. For the same reasons, the materials of the present invention 
may be fashioned into substitute blood vessels or extra-corporeal shunts. 

For preparing hard contact lenses, the preferred polymer comprises the crossiinked cx> polymerization pro- 
duct of (A) from 1 5 to 80% of a polysiloxane macromer of formula A1 or A2, and (B) from 85 to 20% by weight 
of a mixture of comonomers of which, based on the total weight of comonomers, (B n ) is 100 to 65% by weight 

so of a water-insoluble monoolefinic monomers or mixtures thereof, (BJ is 0 to 35% by weight of a water-soluble 
monooiefinic monomer or mixture thereof, and (B3) is 0 to 35% by weight of a diolefinic monomer. The preferred 
water-insoluble monomers are methyl methacryiate, cyclohexyl methacryiate, tris(trimetrryl-siloxanyi)sliyl-pro- 
pyi methacryiate, trffluoroethyi methacryiate, hexafluoroisopropyi methacryiate, 1,1-di hydro heptaf- 
kiorobutyi methacryiate, trimethyicydohexy! methacryiate, isobomyi methacryiate, tert-butyi methacryiate, 

85 tert-butyJ-styrene or mixtures thereof. The preferred water-soluble monomers are 2-hydroxy ethyl methacryiate, 
N,N-dimethylacrylamide, acrylic acid, methacrylic acid, maleic anhydride or N-vinyi-2-pyrrolidone or mixtures 
thereof, and the preferred diolefinic monomers are ethylene glycol dimethacrylate, neopentyi glycol diacrylate 
or methacryiate, and bfe-{3-methacryloxy propyl) tetramethyi disBoxane and bis(3-methacryloxypropyl) 
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tetra(trimethylsiloxy) disiloxane. 

A preferred embodiment of the instant polymers useful for ming hard copolymers, for instance for hard con- 
tact lenses, is the polymer comprising the copoiymerization product of 

(A) 20 to 75% by weight of a polysiloxane of formula A1 where R 1 and R s are methyl, R 2 is trimethylene, 
is -C(CH 3 )r, and n1 is 1 0 to 50, and 

(B) 80 to 25% by weight of a mixture of comonomers of which, based on the total weight of comonomers, 

is , 
(BO 95 to 65% by weight of a water-insoluble monooiefinic monomer or mixture thereof, and 
(B2) 5 to 35% by weight of a water-soluble monooiefinic monomer or mixture thereof. 
Another preferred embodiment of the instant polymers useful for making hard copolymers, for instance hard 
contact lenses, is the polymer comprising the copoiymerization product of 

(A) 20 to 75% by weight of a polysiloxane of formula A1 where R 1 and R 5 are methyl, R 2 is trimethylene, 
R* is -C(CH 3 ) r . n1 is 10 to 50, y is 1, and R 6 is the divalent residue of isophorone diisocyanate; 2,2,4- 
(2,4,4)- trimethylhexane-1 ,6-diisocyanate or toluene diisocyanate; and 

(B) 80 to 25% by weight of comonomers of which, based on the total weight of comonomers, is 
(B0 95 to 65% by weight of a water-insoluble monooiefinic monomer or mixture thereof, 

(B2) 5 to 35% by weight of a water-soluble monooiefinic monomer or mixture thereof, and 
(B 3 )0 to 20% by weight of a diolefinic monomer. 

A stffl more preferred embodiment of the instant polymer comprises the copoiymerization product of 

(A) 20 to 75% by weight of a polysiloxane of formula A1 where R 1 is methyl, and 

(B) 25 to 80% by weight of a mixture of comonomers of which, based on the total weight of comonomers, 
is 

(B0 95 to 65 % by weight of a monomer selected from the group consisting of methyl methacrylate, cyc- 
lohexyl methacrylate, trimethylcyclohexyl methacrylate, isobomyl methacrylate, 2,2^-trffluoroethy! 
methacrylate, hexafluoroisopropyi methacryiate, 1,1-dihydroheptafluorobutyi methacrylate, tris(trimethyl- 
saoxy-silyl)propyl methacrylate, tert.-butyl methacrylate, styrene and tert-butylstyrene, 
(BJ 5 to 35% by weight of a monomer selected from the group consisting of acrylic acid, methacryiic acid, 
N,N-dimethyiacryiamide, and maleic anhydride, 

(B3) 0 to 20% by weight of ethylene glycol dimethacrylate, neopentyi glycol diacrylate, or bis-{3-metnac- 
ryloxypropyl)-tetramethyl-disiloxane. 

Another preferred embodiment of the instant polymers comprises the copoiymerization product of 

(A) 20 to 75% by weight of a polysfloxane of formula A2 where R 1 and R 5 are methyl, R 2 is trimethylene, 
R3 is -C(CH3)2-. X is of structure (E), R 4 is ethylene, nl is 10 to 50, p is 1 to 3, and 

(B) 80 to 25% by weight of a mixture of comonomers of which, based on the total weight of comonomers, 
is 

(B0 95 to 65% by weight of a monomer selected from the group consisting of methyl methacrylate, cyc- 
lohexyi methacrylate, trimethylcyclohexyl methacrylate, isobomyl methacrylate, 2,2,2-trifluoroethyl 
methacrylate, hexafluoroisopropyi methacryiate, 1.1-dihydro-heptafluorobutyl methacrylate, tert-butyl 
methacrylate. styrene, tert-butylstyrene, and 3-methacryloxypropyl-tris(trimethyisfloxy) siiane, 
(BJ 5 to 35% by weight of a monomer selected from the group consisting of acrylic acid, methacryiic acid, 
N,N-dimethylacrylamide, and maleic anhydride, and 

(B 3 ) 0 to 20% by weight of ethylene glycol dimethacrylate or neopentyi glycol diacrylate, or bis-(3-metnac- 
ryloxy propyl)-tetramethyl-disfloxane. 

For preparing soft copolymers, such as soft contact lenses with low water absorption, the preferred polymer 
comprises the crosslinked, copoiymerization product of (A) 30 to 80% by weight of a polysiloxane macromer 
of formula A1 , and (B) 70 to 20% by weight of a mixture of comonomers of which, based on the total weight of 
comonomers, , is (B0 100 to 89% by weight of a water-insoluble monooiefinic monomer or mixture thereof, (B2) 
0 to 10% by weight of a water-soluble monooiefinic monomer or mixture thereof, and (B 3 ) 0 to 1 % by weight 
of a diolefinic monomer. 

For making soft copolymers, such as soft contact lenses, the preferred watewnsolubie monomers are 
methyl acrylate, ethyl acryiate or methacryiate, n-butyl acrylate or methacrylate, n-hexyl acrylate or methacry- 
late 2-ethylhexyi acrylate or methacrylate, n-octyl acrylate or methacrylate, n-decyi acrylate. 2-methoxyetnyl- 
2-etrroxyethyi-acrylate and methacrylate. 2-methoxyethyk 2-ethoxyethyI acrylate and methacryiate, and 
oligosiloxanyl alkyl methacrylates having 3 to 8 silicon atoms, like tris-(trimethyl siloxanyl)-sflyl-propyt-methac- 
ryiate, and Rralkyiene acrylates and methacrylates, where R f a is perfluoroalkyi group with 1 to 1 0 carbon atoms 
and alkylene is aityene with 1 to 5 carbon atoms. , 

For preparing hydrogels, for instance for hydrogel contact lenses, the preferred polymer compnses the 
crosslinked copoiymerization product of 20 to 60% by weight of a polysiloxane macromer of formula A1 or A2 
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and (B) 80 to 40% by weight of a mixture of comonomers of which, based on the the total weight of comonomers, 
is (B t ) 0 to 30% by weight of a water-insoluble monooiefinie monomer or mixture thereof, (BJ 100 to 69% by 
weight of a water-soluble monooiefinie monomer or mixture thereof, and (B 3 ) 0 to 1% by weight of a diolefmic 
monomer. 

s The preferred water-soluble monomers are N.N-dimethyiacryiamide, N-vinyl-2-pyrroiidone, 2-hydroxyethyi 

methacryiate, acryi amide or mixtures thereof. 

The pdysaoxane-copoiymers of this invention may also be treated by any of the commonly used methods 
used to increase the wettability of hydrophobic surfaces, such as plasma-treatment and irradiation-grafting and 
oxidation. 

10 The contact lenses made from the polymers of this invention are hydroiytically stable, biologically inert, 

transparent and sufficiently permeable to oxygen to allow the transport of oxygen sufficient to meet the require- 
ments of the human cornea. 

The following examples are presented for the purpose of illustration only and are not to be construed to 
limit the nature and scope of the instant invention in any manner whatsoever. 

15 In the following examples, specific oxygen permeability (O2-DK) is determined by measuring dissolved 

oxygen permeabiity at indicated temperatures and thickness with a CREATECH PERMEOMETER, using a 
pdarographic electrode in an air-saturated aqueous environment and is expressed in units: 

» _ cm 3 (STP) x cm 1rt ^ 

20 0 2 DK = 10 10 (barrers) 

cm 2 x sec x cmHg 

As reference materials for O2-DK measurements, water swollen pdy(2-hydroxyethyi methacryiate) (poiy- 
25 hema; 39% water content; a common soft-lens material) and CAB, cellulose-acetate-butyrate (an oxygen-per- 
meable hard-lens material) are used; for hardness CAB and poly(methyi methacryiate) are used as reference 
materials. The O2-DK, Shore-D and contact angle values for these materials are given below. 

Hardness is determined using a Shore-D durometer on polished surfaces of center cut buttons of 1 0 mm 
diameter and 8 mm height 

30 

Reference Material O r DK Shore-D 

(at0.25mm/23°C) 

36 

poly-hema (39 % H 2 0) 6.5 
poly(methyl methacryiate) <0.1 92 

40 cellulose-acetate-butyrate 8.2 80 



The following examples describe the synthesis of vinyl-urea capped polysfloxanes. 

45 

Example 1: 

56.62 g (32. 1 mmol) of an a,<D-di-propylajniiK)-pdy-(dimethylsnoxane) of 1770 MW (Shin Etsu Corp. No. 
X-22-161A) are placed in a 1 00 ml 3-neck round bottom flask fitted with a mechanical stirrer, gas inlet tube and 
50 thermometer. The diamine is cooled with an ice-water bath and kept under a dry air atmosphere. 9.97 g (64.3 
mmd) 2-isocyanatoethyl methacryiate (IEM) are added and the mixture is stirred. After 30 minutes the ice-water 
bath is removed and the contents are stirred for an additional 4 hours. IR-anaiysis of the clear, light-yellow visc- 
ous liquid shows no NCO peak present (-2350 crrr 1 ). 

86 Example 2: 

56.52 g (32.0 mmol) of the aminopropyl-capped PDMS of example 1 are placed in a 100 ml 3-neck round 
bottom flask fitted with a mechanical stirrer, gas inlet tube and thermometer. The diamine is cooled with an ice- 
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water bath and kept under a dry air atmosphere. 12.90 g (64.1 mmol) of nvisopropenyl-a,a-dimethylbenzyl iso- 
cyanate (TMI) are added while stirring. After 2 hours the mixture becomes very thick and 69.42 g of trimethyk 
cyciohexyi methacrylate (TMMA) are added. The ice-water bath is removed and the contents are stirred for an 
additional 4 hours to yield a 66.1% solution of a-methyistyrene capped poly(dimethylsiioxane) in TMMA. 

5 

Example 3: 

49.87 g (83.2 m equiv.) of a poly-(dimethyIsiioxane) having pendant groups -CH2CH2CH2NHCH2CH2NH2 
and MW 1200 (SWS-Sflicones No. F-756) are placed in a 100 ml 3-neck round bottom flask fitted with a 
10 mechanical stirrer, gas inlet tube and thermometer. The contents are cooled with an ice-water bath and kept 
under a dry air atmosphere. 16.70 g (82.9 mmol) of m-isopropenyl-a,a-dimethyIbenzyI isocyanate (TMI) are 
added while stirring. The mixture becomes viscous after 5 minutes and 33.36 g trimethylcyclohexyl methacry- 
late (TMMA) are added. The contents are stirred for an additional 3 hours to yield a a-methylstyrenic PDMS 
as a 66% solution in TMMA 

15 

Example 4: 

48^4 g (80.4 m equiv. amine) of the poly-amino-poiy(dimethylsiloxane) of example 3 are placed in a 100 
ml 3-neck round bottom flask fitted with a mechanical stirrer, gas inlet tube and thermometer. The amine is 
20 cooled with an ice^water bath and kept under a dry air atmosphere. 12.48 g (80.4 mmol) of 2-isocyanatoethyi 
methacrylate (I EM) are added and the mixture is stirred. After 5 minutes the mixture becomes viscous and 30.67 
g TMMA are added. The ice^water bath is removed and the contents are stirred for an additional 3 hours under 
dry air, to yield a methacrylate functional PDMS as a 66% solution in TMMA 

The following examples describe the synthesis of Poiysiioxane-Hydrogels 

25 

Example 5 : 

5.76 g (3.52 mmol) of an o,cD-di-propylamino-poly-(dimethylsiloxane) of 1636 MW (Shin Etsu Corp. No. X- 
22-161 A) and 7.18 g N.N-dimemyiacrylamide are placed in a one ounce jar and stirred, forming a cloudy mixt- 

30 ure. The mixture is cooled in an ice-water bath and 1.50 g (7.45 mmol) of m-isopropenyl-cwa-dimethylbenzyl 
isocyanate (TMI) added. The solution turns clear and is stirred for 2 hours. 0-29 g Benzoin methyl ether (BME) 
are added and dissolved. The mixture is degassed by applying vacuum and sparged with n*rtrogen.(3 cycles), 
then is poured into a MYLAR-lined glass mold, held together by clamps and using 0.5 mm thick silicone cord 
as spacer. The moid is exposed to UV light from a SYLVAN! A BlacWite-Blue fluorescent lamp for 4 hours, after 

35 which time the mold is opened and the clear, stiff polymer sheet is removed. It is cut into rectangular pieces 
for testing. After equilibration in distilled water, hydrogels with an equilibrium water content of 25.4% are 
obtained. 

Example 6: 

40 

Using the procedure described in example 5, but using instead of TMI the equivalent amount of 2-isocya- 
natoethyl methacrylate (I EM), clear hydrogels are prepared, having an equilibrium water content of 25.8%. 

Example 6a: 

45 

Cut strips of polymer from example 5 and 6 are immersed for 5 days at 80°C in aqueous base of different 
pH and the change in water content is determined after subsequent re-equilibration in water at pH = 7. The 
results are shown below: 
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Equilibrium Swelling in Water 



Polymer of Example 



Initial 



After5days/80°C 
at ~ at 
pH=14 pH=10 



24days/80°C 
at 
pH 10 



10 



5 
6 



25.4 
25.8 



73 

disintegrated 



50 
59 



52 
72 



is 15 wet weight - dry weight x 100 
wet weight 

The urea-styryi based PDMS-hydrogel of example 5 is considerably more resistant to base catalyzed hyd- 
20 rotysis than the urea-methacryiate analog of example 6. 

The following examples describe the synthesis of chain extended macromers. 

Example 7: 

25 9.045 g (5.53 m equiv. amine) of an a ,cwfhpropylamiiio-pdyKdim^ of MW 1636 (Shin Etsu 

Corp. No. X-22-161 A) are placed in a 1 oz. jan 4.56 g of hexafluoroisopropyl methacryiate (F 8 MA) are added 
and the mixture is stirred and cooled in an ice-water bath. 0.21 g (0.9546 mmoi) of isophorone diisocyanate 
(IPD0 are added and the mixture is stirred for 2 hours at room temperature unta all isocycanate has disappeared 
(by IR). Then 1. 85 g (9.22 mmd) nvisopropenyi-a.a^imetrtyibenzylisocyanate (TMI) are added and the mixt- 

30 ure is stirred for 2 more hours to yield a clear viscous liquid of a 70.90% solution of a-methyi styrene capped, 
chain extended poly(dimethylsiloxane) of MW 2426 (calculated) in F^MA. 

Examples 8-10: 

35 The procedure of example 7 is repeated, but using the molar ratios of o,a>-dHpropyiamino-poly-(dirnetriyi 
siioxane) to IPDI as listed below: 
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Example # 

7 
8 
9 
10 



Mol Ratio of 
Diamine to IPDI 

6:1 
4:1 
2:1 
3:2 



Calculated MW after 
Capping with equiv. TMI 

2426 
2693 
4023 
6019 



Example 11: 

Using the PDMS-macromer mixture of example 2, a solution is prepared in a 100 ml jar which contains 30 
g of the a-methyistyrene capped poly(dimethyl siioxane) macromer described in example 2, 18 g trimethyicyc- 
tohexyi methacryiate (TMMA), 28 g hexafluoroisopropyl methacryiate (F C MA), 9 g methacryiic acid (MAA) and 
15 g ethylene glycol dimethacryiate (EDMA); 0.24 g BME are added and dissolved and the dear solution is 
degassed In vacuo and sparged with nitrogen. 

The solution is filled into round polypropylene molds of 1 cm height and 9 mm diameter, which are placed 
into the openings of a flat tray. The polymerization is carried out in a box sparged with nitrogen by exposure 
to UV fight from a SYLVAN lA-Blackffie Blue fluorescent lamp for seven hours. Following removal of the molds 
from the boxes, the buttons are annealed at 100°C for 1 hour, cooled to room temperature and pressed out of 
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the mold. The clear buttons are cut into slices of appropriate thickness on a bone saw for measuring hardness 
and oxygen permeability. 

Examples 12-22: 

Example 1 1 is repeated, but with compositions listed in the table below; ail compositions contain 28% F 6 MA 
and 9% MAA. All polymers are tested as described. 
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Example 
No. 



Composition 



Macromer TMMA EDMA Hardness 
of Ex. % % % Shore-D) 



Oxygen Penneability 
0 2 DK (bairers) 
at 0.25 mm/21°C 



15 



20 



25 



12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 



7 


40 


8 


15 


72 


62 


7 


45 


3 


15 


68 


72 


8 


40 


8 


15 


72 


57 


8 


45 


3 


15 


68 


70 


9 


40 


8 


15 


71 


60 


9 


45 


3 


15 


67 


82 


10 


40 


8 


15 


70 


61 


10 


45 


3 


15 


66 


84 


2 


40 


8 


15 


71 


52 


2 


45 


3 


15 


69 


69 


2 


40 


3 


20 


65 


82 



30 Claims 

1. A polysiloxane-urea styrenic macromer of the structure A1 or A2 
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50 
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wherein, independently of each other, 

Ri is methyl, phenyl or 3,3,3-trifiuoropropyi, 

R2 js a divalent saturated linear or branched hydrocarbon radical having 1 to 6 carbon atoms, 
R3 is a direct bond or has the same definition as R 2 , 
R 5 is hydrogen or methyl, 

R« is the divalent residue of an aliphatic, cycioaliphatic or aromatic diisocyanate of structure 

OCN-RVNCO, 

n1 and n2 are integers from 2 to 250, with the proviso that the sum n1 + n2 is not greater than 250, 
ml and m2 are integers from 2 to 200, with the proviso that the sum ml + m2 is not greater than 250, 
y is0to2, 

p has a value of 1 to 10, 

X is hydrogen or has the structure E: 



— R 4 — NHCONH — R 3 OE) 

wherein R* is a divalent saturated linear or branched hydrocarbon radical having 1 to 6 carbon atoms. 

2. A macromer according to claim 1 of structure A1 , in which 
R 1 is methyl, 

R 2 is trimethyiene, 
R^is^CHaJj- 
R 6 is methyl, 
y is zero, and 
n1 is 5 to 100. 

3. A macromer according to claim 1 of structure A1 , in which 
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R 1 is methyl, 

R 2 is trimethylene, 

R3is-G(CH 3 ) r 

R 5 is methyl, 

yisl, 

n1 + n2 is 10 to 20, and R 8 is an aliphatic or aromatic divalent residue with 6 to 12 carbon atoms. 

4. A macromer according to claim 1 of structure A2, wherein 
R 1 is methyl, 

R 2 is trimethyiene, 
R3is-C(CH3)z- 
R s is methyl, 
X is of structure E, 
R* is ethylene, 

ml and m2 are 5 to 1 00, with the sum of ml + m2 not greater than 150, 
and p is 1 to 3. 

5. A macromer according to claim 2 of structure A1 , wherein n1 Is 10 to 50. 

8. A macromer according to claim 1 wherein R 3 is a direct bond and R 5 is hydrogen with the -CR^CHj group 
being in the para position relevant to R 3 ; or wherein R 3 is -C(CH 3 ) r and R 5 is methyl with the -CR^CHj 
group being in the meta position relevant to R 3 . 

7. A macromer according to claim 1 wherein R 6 is derived from a diisocyanate of formula OCN-R«-NCO which 
is selected from the group consisting of ethylene diisocyanate, 1,2-diisocyanatopropane, 1,3-diisocyana- 
topropane, 1,6-diisocyanatohexane, 1,2-dnsocyanatocyclohexane, 1,3-diisocyanatocyclohexane, 1,4-dii- 
socyanatobenzene; bis-(4-isocyanatophenyl)methane, 1,2- and 1,4-taluene diisocyanate; 3,3'-dichioro- 
4,4'-dusocyanatobiphenyl; 1,5-diisocyanatonaphthalene, hydrogenated toluene diisocyanate; 1-isocyana- 
tomethyl-5-isocyanato- 1 ,3,3-trimethylcyclohexane (= isophorone diisocyanate); 1 f 6-dfisocyanato-2,2,4- 
(2,4,4)-trimethylhexane, 2 f 2'-dlisocyanatodiethyl fumarate; 1,5-dnsocyanato-1-carboxypentane; 1,2-, 
1,3- , 1,6-, 1.7-, 1,8-, 2,7- and 2,3-diisocyanatonaphthalene; 2,4- and 2,7-dfisocyanato-1-methyl- 
naphthalene; 1 t 4^usocyanato-methylcyciohexane; 1,3-diisocyanato-6(7)-methylnaphthalene; 4,4'-diiso- 
cyanatobiphenyl; 4,4'-diisc)cyanato-3,3'-dimethoxy-biphenyl; 3,3'- and 4,4'-dnsocyanato-2,2'-dimethyl-bi- 
phenyl; bis-(4-isocyanatophenyl)ethane; bis(4-isocyanato-phenyl) ether. 

8. A macromer according to claim 7 wherein the diisocyanate is isophorone diisocyanate, 2^,4-(2,4,4)-trime- 
thylhexane-1,6-diisocyanate or 1,2- or 1,4-toluene diisocyanate. 

9. A polymer, suitable as a biocompatible, oxygen permeable polymer, useful for preparing contact lenses 
which comprises the crossl inked copolymerization product of 

(A) from about 1 0 to about 1 00% by weight of said polymer of a polysiioxane macromer of formula A1 
or A2 according to claim 1, having a molecular weight from about 400 to about 10,000, said macromer 
containing at least two terminal polymerizable olefmic groups, said groups being attached to the polysi- 
ioxane through a urea linkage, and 

(B) from 90% to 0% by weight of said polymer of one or more mono-, di- or trifunctional vinyl monomers 
polymerizable by free radical polymerization. 

10. A polymer according to claim 9 which comprises the crosslinked copolymerization product of 

(A) from about 15 to about 90% by weight of said polymer of a polysiioxane macromer having a molecu- 
lar weight from about 800 to about 10,000, said macromer containing two terminal, polymerizable olefi- 
nic groups, said macromer having the structure of formula A1 or A2, and 

(B) from about 85 to about 10 % by weight of said polymer of water-soluble orwater-insoluble monomers 
or mixtures thereof, said monomers being monoolefinic, diolefinic or a mixture of monoolefinic and 
dioleflnic monomers. 

11. A polymer according to claim 9 for preparing hard contact lenses which comprises the crosslinked copolym- 
erization product of (A) from 1 5 to 80% of a polysiioxane macromer of formula A1 or A2, and (B) from 85 
to 20% by weight of a mixture of comonomers of which, based on the total weight of comonomers, is (B0 
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100 to 65% by weight of a water-insoluble monoolefinic monomers or mixtures thereof, (BJ 0 to 35% by 
weight of a water-soluble monoolefinic monomer or mixture thereof, and (B3) 0 to 35% by weight of a diolefi- 
nic monomer. 

1Z A polymer according to claim 11 wherein B| is methyl methacrylate, cyclohexyl methacrylate, tris(trime- 
thyl-sfloxanyl)silyl-propyi methacrylate, 2,2,2-trifluoroethyI methacrylate, hexafiuoroisopropyi methacry- 
late, 1,1-dihydroheptafluorobutylrnethacrylate, trimethylcydohexyl methacrylate, isobomyl methacrylate, 
tert-butyi methacrylate, tert-butyi-styrene or mixtures thereof; B2 is 2-hydroxyethyi methacrylate, N,N- 
dimethylacrylarnide, acrylic acid, methacrylic acid, maieic anhydride or N-vinyl-2-pyrrolidone or mixtures 
thereof; and B 3 is ethylene glycol dimethacrylate, neopentyi glycol diacryiate or methacrylate, and bis-(3- 
methacryloxy propyl) tetramethyl disfloxane or bis (3-methacryioxypropyi) tetra (trimethylsiloxy) disfloxane. 

13. A polymer according to claim 1 1 which comprises the copolymerization product of 

(A) 20 to 75% by weight of a polysiloxane of formula A1 where R 1 and R 5 are methyl, R 2 is trimethylene, 
R3 is -C(CH 3 )r, and n1 is 10 to 50, and 

(B) 80 to 25% by weight of a mature of co monomers of which, based on the total weight of comonomers, 
is 

(B,) 95 to 65% by weight of a water-insoluble monoolefinic monomer or mixture thereof, and 
(BJ 5 to 35% by weight of a water-soluble monoolefinic monomer or mixture thereof. 

14. A polymer according to claim 1 1 which comprises the copolymerization product of 

(A) 20 to 75%o by weight of a polysiloxane of formula A1 where R 1 and R 5 are methyl, R 2 is trimethylene, 
R3 is -C(CH3)2-, n1 is 10 to 50, y is 1, and, R? is the divalent residue of isophorone diisocyanate; 2,2,4- 
(2,4,4)- trirmttiyihexane-1,6-diisocyanate or toluene diisocyanate; and 

(B) 80 to 25% by weight of comonomers of which, based on the total weight of comonomers, is 
(&,) 95 to 65% by weight of a water-insoluble monoolefinic monomer or mixture thereof, 

(B2) 5 to 35% by weight of a water-soluble monoolefinic monomer or mature thereof, and 
(B3) 0 to 20% by weight of a diolefinic monomer. 

15. A polymer according to claim 1 1 which comprises the copolymerization product of 

(A) 20 to 75% by weight of a polysiloxane of formula A1 where R 1 is methyl, and 

(B) 80 to 25% by weight of a mixture of comonomers of which, based on the total weight of comonomers, 
is 

(B0 95 to 65% by weight of a monomer selected from the group consisting of methyl methacrylate, cyc- 
lohexyl methacrylate, trimethylcydohexyl methacrylate, isobomyl methacrylate, 2,2^-trifluoroethyl 
methacrylate, hexafiuoroisopropyi methacrylate, 1,1-dihydroheptafluorobutyl methacrylate, 
tris(trimethylsaoxy-siryOpropyl methacrylate, tert-butyi methacrylate, styrene and tert-butylstyrene, 
(BJ 5 to 35% by weight of a monomer selected from the group consisting of acrylic add, methacrylic 
acid, N,N-dimethylacrylamide, and maieic anhydride, 

(B3) 0 to 20% by weight of ethylene glycol dimethacrylate, neopentyi glycol diacryiate, or bis-(3-methac- 
ryloxypropyi)-tetramethyl-disiloxane. 

16. A polymer according to daim 1 1 which comprises the copolymerization product of 

(A) 20 to 75% by weight of a polysiloxane of formula A2 where R 1 and R 5 are methyl, R 2 is trimethylene, 
R3 is -C(CH3)z-, X is of structure (E), R* is ethylene, n1 is 10 to 50, p is 1 to 3, and 

(B) 80 to 25% by weight of a mixture of comonomers of which, based on the total weight of comonomers, 
is 

(B0 95 to 65 % by weight of a monomer selected from the group consisting of methyl methacrylate, 
cydohexyi methacrylate, trimethylcydohexyl methacrylate, isobomyl methacrylate, Z2,2-trifluoroethyi 
methacrylate, hexafiuoroisopropyi methacrylate, 1,1-dlhydroheptafluorobutyl methacrylate, tert.-butyi 
methacrylate, styrene, tert-butylstyrene, and 3^ethacryloxypropyl-tris(trirnethylsfloxy)silane, 
(BJ 5 to 35% by weight of a monomer selected from the group consisting of acrylic add, methacrylic 
acid, N,N-dimethyiacrylamide, and maieic anhydride, and 

(Bs) 0 to 20% by weight of ethylene glycol dimethacrylate or neopentyi glycd diacryiate, or bis-{3- 
methacryioxy propyl)-tetn3methyl-disnoxane. 

17. A polymer according to daim 9 for soft contact lenses with low water absorption, which comprises the 
crosslinked, copdymerization product of (A) 30 to 80% by weight of a polysiloxane macromer of formula- 
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A1, and (B) 70 to 20 by weight of a mixture of cornonomers of which, based on the total weight of conv 
onomers, is (B^ 100 to 89% by weight of a water-insoluble monoolefinic monomer or mixture thereof, (Bj) 
0 to1 0% by weight of a water-soluble monoolefinic monomer or mixture thereof, and (B 3 ) 0 to 1 % by weight 
of a diolefinic monomer. 

18. A polymer according to claim 1 7 wherein Bi is selected from the group consisting of methyl acryiate, ethyl 
" acryiate or methacrylate, n-butyi acryiate or methacrylate, n-h'exyl acryiate or methacrylate, 2-ethylhexyi 

acryiate or methacrylate, n-octyl acryiate or methacrylate, n-decyl acryiate, 2-methoxyethyl-2-ethoxyethyi- 
acrylate and methacrylate, 2-methoxyethyh 2-ethoxyethyi acryiate and methacrylate, oligc-siloxanyl aikyl 
methacrylates having 3 to 8 silicon atoms, and FValkylene acrylates and methacrylates, where Rf is a 
perfluoroalkyl group with 1 to 10 carbon atoms and aJkylene is alkylene with 1 to 5 carbon atoms, and mixt- 
ure thereof. 

19. A polymer according to claim 9 wherein the polymer comprises the cross! inked copolymerization product 
of (A) 20 to 60% by weight of a polysiloxane macromer of formula A1 or A2 and (B) 80 to 40 by weight of 
a mixture of cornonomers of which, based on the the total weight of cornonomers, is (B,) 0 to 30% by weight 
of a water-insoluble monoolefinic monomer or mixture thereof, (BJ 1 00 to 69% by weight of a water-soluble 
monoolefinic monomer or mixture thereof, and (B 3 ) 0 to 1 % by weight of a diolefinic monomer. 

20. A polymer according to claim 19, wherein component B* is N,N-dimethylacrylamide, N-vinyl-2-pyrrolidone, 
2-hydroxyethyi methacryiate, acryiamide or a mixture thereof. 



21. A polymer according to claim 9, in form of a contact lens. 
25 22. A polymer according to claim 1 1, in form of a contact lens. 

23. A polymer according to any of claims 9 to 20, in form of a contact lens. 

24. A contact lens comprising a polymer according to any of claims 9 to 20. 

25. A contact lens consisting essentially of a polymer according to any of claims 9 to 20. 

26. A process for the manufacture of a macromer according to claim 1 comprising conventionally reacting a 
compound of formula C1 or C2 

R 1 R 1 R 1 
I r I -i I 

H 2 N — R 2 — SiO+SiOl— Si — R 2 — NH 2 (CI) 
R 1 R 1 R 1 

R 1 r R 1 R 1 1 
1 



45 



50 



55 



(R 1 ^ SiO-f-Siol SiO-f Sioj Si (R 1 ) 3 



R 2 R 1 

I 

NH 



(C2) 

p 



wherein Y is hydrogen or -R*NH 2 and all the other variables are as defined in claim 1, with a styrene- 
isocyanate of structure 
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OCN R 3 




CH 2 



5 



wherein the variables are as defined in claim 1 , preferably in equivalent amounts; wherein a compound of 
formula CI, if desired, is reacted with a diisocyanate of structure OCN-RMMCO, wherein R 6 is as defined 
in claim 1 , before the reaction of said compound of formula C1 with said styrene-isocyanate. 



27. A process for the manufacture of a polymer according to claim 9 by conventionally copolymerizing a mac- 
romer of formula A1 or A2 as defined in claim 1 with the vinyl monomers B as defined in claim 9. 

28. Use of a polymer of claim 9 for the manufacture of a contact iens. 
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